Two field experiments were carried out during the winter seasons of 2008/09 and 2009/10 at farm in Disuq district, Kafr El-Sheikh Governorate to investigate the response of pea plants, cv. Master B, to inoculation with biofertilizer (Halex-2) and different concentrations with boron (0, 5, 10 and 15 ppm) as a foliar application. The results indicated that inoculation of pea seeds with biofertilizer (Halex-2), improved most vegetative characters, as well as green pods yield and its components, shelling ratio, seed yield and its components, seed germination percentage, leaf contents of chlorophyll and seed content of protein. Increasing boron concentration up to 10ppm was accompanied with significant increases in vegetative growth characters, as well as green pods yield and its components, shelling ratio, seed yield and its components, seed germination percentage, leaf contents of chlorophyll and seed content of protein.
INTRODUCTION
Peas (Pisum sativum L.), a cool weather crop, is one of the most popular crops grown in Egypt due to its high contents of protein, carbohydrates, vitamins and minerals. It can grow throughout different types of soils ranging from the light sandy loom to the heavy clay in texture. Most pea cultivars are grown for fresh and/or dry seeds yield. The pea cultivar used (Master B) is a short growing period, determinate growth habit and low fertilizer requirements (Fayad, 2004) .
Supplementing or substitutions on inorganic N with organic sources become so urgent. Significant effects of untraditional fertilizers, particularly the biofertilizers, on growth and yield of legumes have been reported by several investigators (Hassouna and Aboul-Nasr, 1992 on soybean; El-Oksh et al., 1991; Shiboob, 2000 on bean; Choudhary et al., 1984; Elneklawy et al., 1985; Chandra et al., 1987; Feng et al., 1997; Merghany et al., 1999 and Bin Ishaq, 2002 , on pea and El-Waraky and Kasem, 2007 . They indicated that application of biofertilizer Halex-2 at 10 g.kg -1 (containing a mixture of non symbiotic N2fixing bacteria of the genera Azotobacter, Azospirillum and Klebsilla) significantly resulted in taller plants with more N concentrations in leaves, higher protein contents in seeds, and greater total yields than in the case of untreated control. Likewise, Mahmoud et al. (1994) found that inoculation of soybean seeds with appropriate bacterial strains (containing a N-fixing bacteria)before planting, in addition to 20 or 40 kg N fed. -1 gave the highest mean value of total pod yield.
Nutrition of crops with micro-nutrients is mostly performed either through soil or foliar application. High pH level and calcium carbonate content are known to render the micro-nutrients added to the soil into unavailable form. Therefore, the required small quantities from micro-nutrients are preferably supplied in the from of a dilute spray to enhance plant response to the added micro-nutrients. Boron is one of the micro-elements that have important roles in the physiological and metabolic processes of plants. Accordingly, boron is of a great necessity for adequate plant growth and productivity. Boron, also, facilitates the transport of carbonates through cell membranes. Thus, maximum production of starch and sugars are restricted if crops are suffering from boron deficiency (Dugger and Palmer, 1983 and Bolanos et al., 1994) .
Thus, the main objective of this study is to investigate the influences of seed inoculation with the biofertilizer Halex-2 and foliar nutrition with boron on growth, green pods and dry seed yield and seed quality of the pea plants.
MATERIALS AND METHODS
This work was carried out at Disuq district, Kafr El-Sheikh Governorate, during the winter seasons of 2008/09 and 2009/10. The main goals of these experiments were to investigate the influences of seed inoculation with the biofertilizer Halex-2 and foliar nutrition with boron and their interactions on vegetative growth characters, green pods and dry seed yield and their components of pea (Pisum sativum L.) cultivar Master B.
The soil of the experimental site was loamy clay in texture. Some properties of the experimental soil are presented in Table(1) . Halex-2; a biofertilizer containing a mixture of non symbiotic N2-fixing bacteria of the genera Azospirillum, Azotobacter and Klebsiella; was used. The biofertilizer was supplied by the Biofertilization Unit, Plant Pathology Department, Alex. Univ. Each experiment included eight treatments representing the combinations between two biofertilizer treatments, i.e., uninoculated (control) and inoculated with Halex-2 and four concentrations foliar nutrition with boron (0, 5, 10 and 15 ppm). The biofertilizer was used at the rate of 10 g.kg -1 seeds. Seed inoculation was performed by adding an adequate amount of distilled water to the biofertilizer and mixed with the seeds just before sowing. Boric acid (H3BO3, 17%B) was the respective B source and was foliar sprayed to run-off two times at 35 and 50 days after sowing. Few drops of salient film were added to the spraying (200 litter/fed.) as a wetting agent. Plants of the control treatment were sprayed with distilled water. In all treatments, pea seeds were inoculated by an effective of Rhizobium bacteria just before sowing. The sowing dates were 5 and 11 of November in the first and second seasons, respectively.
The experiments were conducted using split-plot system in a randomized complete blocks design, with four replications. The main plots were devoted for the biofertilizer treatments, whereas, the sub-plot were allocated for boron concentrations. Each sub-plot contained 5 rows, 5m in long and 0.6 m in wide, comprising an area of 15 m 2 . Spacing between plants within rows was 15 cm, and sowing was done on one side of row. Plants were thinned to two plants per hill after three weeks from sowing. The other recommended agricultural practices were done. After 60 days from sowing, the following data were recorded: 1. Total chlorophyll content of leaves measured by the SPAD-501, a portable leaf chlorophyll meter (Minolta crop) was used for greenness measurements (Marquard and Timpton, 1987) on fully expanded (the fifth from the shoot tip) leaves without destroying them. 2. Vegetative traits, i.e., plant height, number of leaves plant -1 , number of branches plant -1 , leaf area plant -1 and plant fresh weight. 3. Green pods yield and its components, the plants of the second and third rows were allocated to measure the following data, i.e., total green pods yield plant -1 and feddan -1 , number of green pods plant -1 , weight of green pod, number of seeds pod -1 , weight of seeds pod -1 . Shelling ratio were measured by dividing the fresh weight of the green seeds extracted from 30 pods on the total weight of these pods. 4. After harvesting, dry seed yield and its components, and germination % were determined, the plants of the fourth and fifth rows allocated to measure the following data, i.e., dry seed yield plant -1 and feddan -1 , weight of seeds pod -1 , seed index (weight of 100 seeds), dry seeds protein and seed germinability which measured by a random sample of 100 seeds from each treatment that was germinated on a filter paper in a sterilized Petri dish, using an incubator at a temperature of 24 o C. Germinated seeds were daily counted starting 5 days after initiating the experiment and continued for 2 weeks. Germination percentage, thereafter, was calculated. All obtained data were statistically analyzed using COSTAT Software (1985) , and revised L.S.D. test was used to compare the differences among treatment means (Snedecor and Cochran, 1972) . Seed samples were oven dried, crashed and digested using sulphoric + perchloric acid methods according to Cottenie et al. (1982) . Nitrogen in the digested seeds was determined by micro-kjeldahl method according to Jackson (1958) , nitrogen content of pea seeds was multiplied by a factor of 6.25 to calculate the crude protein content. Soil samples were collected before sowing, air dried and finely ground for chemical and mechanical analysis according to Jackson (1958) .
RESULTS AND DISCUSSION

I. Vegetative characters: a. Effect of biofertilizer (Halex-2)
The results in Table ( 2) clearly indicated that, in both seasons, the inoculation of pea seeds with the biofertilizer (Halex-2) was responsible for significant increments in plant height, number of leaves, number of branches, leaf area, chlorophyll content and plant fresh weight, compared with the uninoculated treatment (control plants). The beneficial effects of the biofertilizer on the above-mentioned growth traits may be related to the enhancing effects of non-symbiotic N2-fixing bacteria on the morphology and/or physiology of the root system which promoted the vegetative growth to go forward. Moreover, Jagnow et al. (1991) and Noel et al.(1996) indicated that the non-symbiotic N2-fixing bacteria, Azotobacter and Azospirillum strains, produced adequate amounts of IAA and cytokinins which increased the surface area per unit root length and enhanced root hair branching with an eventual increase in the uptake of nutrients from the soil. Carletti et al. (1996) demonstrated that plants inoculated with Azospirillum displayed an increase in total root length by 150%, compared with the uninoculated control. The results reported by Shiboob (2000), on bean; Micanovic et al. (1997) ; Bin Ishaq (2002), on pea and El-Waraky and Kasem (2007), on cowpea confirmed our findings concerning the stimulating effects of biofertilizer on vegetative growth characters.
b. Effect of foliar application of boron
Data presented in Table ( 2) showed that all growth parameters were significantly affected by increasing concentrations of boron in both growing seasons, the concentration of 10 ppm gave the tallest plants, the highest number of leaves, number of branches, leaf area and chlorophyll content as well as the largest plant fresh weight in both seasons, whereas the untreated plants produced the lowest value of each character. The improving effects of boron may be attributed to the direct action of boron on the development of N-fixing root nodules (Bolanos et al., 1994) and translocation of sugars through cellular membranes (Dugger and Palmer, 1983) , consequently, the fresh weight of the canopy and probably its whole size may increase. In the same line, Bakry et al., (1987) ; El-Mansi et al.,(1990) ; Singh et al., (1992) and Bin Ishaq, (2002) stated that spraying pea plants with various concentrations of boron resulted in more vigorous vegetative growth compared with the untreated ones.
c. Effect of biofertilizer (Halex-2) and boron interaction
The effects of interaction between biofertilizer and boron application on vegetative growth characters appeared significant in both seasons (Table3). At any concentrations of boron, inoculation of pea seeds with biofertilizer (Halex-2) increased plant height, number of leaves, number of branches, leaf area, chlorophyll content and plant fresh weight content compared with those of the uninoculated ones. The combination of Halex-2 plus 10 ppm boron concentration was the best treatment for improving most studied vegetative characters.
The enhancing effects of the aforementioned treatment combinations could be expected, since each of the studied factors reflected promoting effects on the morphology and/or physiology of root system, which in turn encouraged the vegetative growth to go forward. The present results are in accordance with those reported by Bin Ishaq (2002) who reported that the seed inoculation with biofertilizer (Halex -2), followed with foliar spray with boron at the concentration of 5ppm, significantly, increased all studied characters of vegetative characters as compared with the other treatment combinations.
II. Green pods yield and its components a. Effect of biofertilizer (Halex-2)
Data presented in Table (4) clearly indicated that significant increments in total yield of green pods, number of green pods plant -1, weight of green pod, number of seeds pod -1 , weight of seeds pod -1 and shelling percentage, were obtained as a result of seed inoculation with the biofertilizer (Halex-2), in both growing seasons. Increasing growth and total yield after the inoculation of pea seeds with the biofertilizer (Halex-2), which contains three genera of non-symbiotic N2-fixing bacteria, might be due to increasing the biological N2-fixation, the production of phytohormones or both; as mentioned by Jagnow et al., (1991) . The present results agreed to a great extent with those reported by Shiboob (2000); on bean and Bin Ishaq (2002) on pea who showed significant positive effects on green pods yield and its components due to the inoculation of seeds with different biofertilizer types.
b. Effect of boron foliar application
Concerning the influence of foliar spray with boron on the productivity characters of pea plants, the data in Table (4) declared that foliar feeding with boron at any given concentration significantly affected all studied parameters of green pods yield, number of green pods plant -1 , weight of green pod, number of seeds pod -1 , weight of seeds pod -1 and shelling percentage in both seasons. The highest mean values of all measured characters were recorded for the boron application at 10 ppm. The present results are in accordance with those reported by Omar (1980) who reported that spraying the growing broad bean plants with boron, significantly, increased the number of green pods plant -1 , and total yields plant -1 . Similar findings, concerning the positive effects of boron, were recorded by Hassan (1985) who found that the application of boron at 150 ppm increased the total green yield and the average number of beans pods plant -1 .
c. Effect of biofertilizer (Halex-2) and boron interaction
The interaction effects between the biofertilizer (Halex-2) and the applied boron concentrations on green pods yield and its components are presented in Table ( 5) . The results, generally, showed that seed inoculation with Halex-2 and foliar application of boron at any concentration significantly increased total green pods yield, number of green pods plant -1 , weight of green pod, number of seeds pod -1 , weight of seeds pod -1 and shelling percentage in both growing seasons, compared with those of uninoculated ones. The treatment combination of the inoculation with biofertilizer (Halex-2) plus the foliar application at10 ppm of boron gave the highest values for all yield traits.
The present results are in accordance with those reported by Hassan (1985) who reported that spraying the growing bean plants with boron at 150 ppm accompanied with seed treatment with biofertilizer (Rhizobium phaseoli), significantly, increased the total green yield and average number of pods plant -1 . Similar conclusion was obtained by Bin Ishaq (2002) on pea.
III. Seed yield and its components a. Effect of biofertilizer (Halex-2)
Data recorded in Table (6) indicated that inoculation of pea seeds with the biofertilizer (Halex-2) significantly increased average seed yield plant -1 , total seed yield fed. -1 , weight of seeds pod -1 , seed index (weight of 100-seeds), dry seed protein content and seed germination percentage over those of the uninoculated plants (control), in both seasons. The detective positive effects of biofertilizer on quantity and quality of pea yield (Table 6) might be related to its beneficial effects on vegetative growth characters (Table 2) , which probably supplied more photosynthesis and hence might help in increasing yield potential, as mentioned by Jagnow et al. (1991) . The present results agreed to a great extent with those reported by Chauhan et al. (1996) , who reported that inoculation of seeds of Barssica juncea L. with Azotobzcter and Azospirillum bacteria, significantly, increased number of pods plant -1 and seed yield compared with the control treatment. In this concern, Bin Ishaqu (2002) on pea, and El-Waraky and Kasem (2007) on cowpea showed significant positive effects on dry seed yield and its components due to the inoculation of seeds with different biofertilizer types.
b. Effect of boron foliar application
Data in Table ( 6) cleared that foliar application with boron at the concentration of 10 ppm, significantly, increased average seed yield plant -1 , total seed yield fed. -1 , weight of seeds pod -1 , seed index (weight of 100seeds), dry seeds protein and seed germination percentage over those obtained from either the control treatment or the lower or/ and higher concentration of boron foliar application (5 or 15 ppm), in both seasons. Similar results were reported by Schon and Blevins (1987) who found that boron treatment applied at 10 ppm of boron as a foliar spray to soybean plants caused significant increase in the number of pods plant -1 and total seed yield weight. Moreover, Dwivedi et al. (1992) found that soil application of boron at 105 kg/ha., increased the number of dry pods and seed yield of pea plants. Also, Singh et al. (1992) reported that the application of boron, at the rate of 10 kg tetraborate/ha., resulted in higher dry pods and seeds yields of peas than those of the control plants. The results reported by Abd-Elfattah (1997) on broad bean; and Bin Ishaq (2002), on pea confirmed our findings concerning the stimulating effects of boron on seed yield and its components.
c. Effect of biofertilizer (Halex-2) and boron interaction
Table (7) showed the comparisons among the various treatments combinations of biofertilizer (Halex-2) and boron concentrations on seed yield and its components and germination percentage of pea plants.
The comparisons among the mean values of each character indicated that seed inoculation with the biofertilizer (Halex-2) and foliar spray with boron at the concentration of 10 ppm resulted in significant increases in average seed yield plant -1 , total seed yield fed. -1 , weight of seeds pod -1 , seed index (weight of 100-seeds), dry seeds protein and seed germination percentage compared with those of all treatment combinations which were treated with only one factor (Table 7 ) and the control treatment (without Halex-2 and boron). Apparently, the promoting effects of biofertilizer and boron application on growth of pea plants were reflected on the increased total seed yield and its components. These results are in the same line with those obtained by Bin Ishaq (2002) on pea, who reported that the application of 5 or 10 ppm boron combined with the biofertilizer Halex-2, significantly, increased dry seed yield plant -1 and feddan -1 , number of dry pods plant -1 , weight of seeds pod -1 , seed index and seed germination percentage. Effect of biofertilizer (Halex-2) Values having a similar letter, within a comparable group of means, are not significantly different, using revised L.S.D test at 0.05 level.
